Aims: The social environment strongly influences individual mental health. Individuals with strong social support systems tend to experience higher levels of well-being, lower levels of psychological distress and exhibit fewer psychiatric symptoms. However, there is a significant degree of individual variability as to the extent to which social support is beneficial to overall mental health. From a neurobiological perspective, it is suggested that the social hormone, oxytocin, may moderate the favorable effects of social interaction. To explore this possibility, we evaluated oxytocin genotype, social support and psychological health in a group of individuals diagnosed with DSM-IV alcohol dependence. Methods: The associations between OXT genotype, social support and psychological health were analyzed in data from 269 adults diagnosed with DSM-IV alcohol dependence (25% female) admitted into residential treatment programs and outpatient centers in Warsaw, Poland. Results: In line with past observations, we noted that psychiatric distress scores were negatively correlated with social support. Extending these observations, we uncovered a significant moderating effect of OXT genotype (rs2740210) on the relationship between social support and psychiatric distress. While G carriers displayed the predicted negative relationship between social support and psychiatric distress, T homozygotes failed to exhibit such a relationship. Conclusion: Genetically driven variation in oxytocin system functioning may influence the degree to which the beneficial effects of social support are felt in this population. These results have direct clinical relevance as enhancing social engagement to improve mental health may prove to be a less effective strategy in some patients owing to intrinsic factors. Short summary: The associations between oxytocin genotype, social support, and psychological health were analyzed in data from 269 adults diagnosed with DSM-IV alcohol dependence. A significant moderating effect of OXT genotype (rs2740210) on the relationship between social support and psychiatric distress was detected.
INTRODUCTION
An individual's social environment can have a significant impact on their mental health and well-being (e.g. Vinokur and van Ryn, 1993; Uchino, 2006 Uchino, , 2009 . Positive social relationships act as a source of positive affect and reward, convey a sense of stability and predictability, and, in times of need, can buffer the negative effects of stress (Vinokur and van Ryn, 1993; Uchino, 2006 Uchino, , 2009 . Individuals with higher levels of social support available tend to lead longer, healthier and happier lives (e.g. Uchino, 2009 ).
Among individuals with mental health conditions, numerous studies indicate that increased access to strong social support can encourage better psychological and physical health outcomes. Individuals who receive social support tend to exhibit fewer psychiatric symptoms, express less symptom intensity, and have better mental health status (Rogers et al., 2004; Lindfors et al., 2014) . Reciprocally, low levels of social support are associated with an increased risk of psychiatric symptomatology (Booth et al., 1992; Paterniti et al., 2002; ten Have et al., 2002) . The social environment appears to be of particular significance in patients with a substance use disorder (SUD). Social interactions play an integral role in the initiation, maintenance and recovery from SUD (Volkow et al., 2011) . In patients with SUD, social networks can offer considerable support during the recovery process (Havassy et al., 1991) and higher levels of social support are predictive of abstinence following treatment (Gordon and Zrull, 1991; Havassy et al., 1991) . This may be due to social relationships encouraging positive behavioral choices (e.g. engagement in non-drug using activities) and providing alternative means of coping with stress (Wills and Shiffman, 1985; Thoits, 2011) . Further, having a stable social support group can promote positive psychological states among patients with SUD (Castellani et al., 1997) . As psychological distress among these patients is associated with greater risk for relapse, preserving a positive social environment may be one method to encourage and maintain abstinence (Castellani et al., 1997) .
While a substantial body of evidence indicates a linkage between social support and mental health, the biological origins of this relationship have yet to be established. Recently, a great deal of attention has focused on the role the neuropeptide oxytocin plays in social interaction. Oxytocin is a small hormone produced in the hypothalamus that is known to influence a variety of social behaviors including pair bonding, maternal behaviors and affiliative behaviors (see review, Love, 2014) . Activity within oxytocinergic pathways is thought to interact with neural systems responsible for reward processing to ultimately promote social contact (e.g. Gordon et al., 2011; Love, 2014) . Indeed, administration of oxytocin can enhance a variety of prosocial behaviors including altruism, trust and empathy (Bartz et al., 2011) . In addition to its functions as a 'social hormone', oxytocin is also released during times of stress. Oxytocin release is associated with reduced hypothalamic-pituitary-adrenal (HPA) axis activity and lower circulating levels of cortisol and adrenocorticotrophic hormone (ACTH; e.g. Jezova et al., 1995; Uvnas-Moberg, 1997a) .
Given that oxytocin acts at the interface between reward, stress and social systems, it has been hypothesized that oxytocin may moderate the beneficial effects of social interaction (Uvnas-Moberg, 1997b; Neumann, 2008) . Indeed, recent evidence suggests increased oxytocin is one mechanism by which the stress buffering effects of social support emerge (Uvnas-Moberg, 1997b) . Could individual variations in oxytocinergic system functioning account for the strength of the relationship normally observed between social support and mental health? To explore this question, we evaluated oxytocin genotype, social support and psychological health in a group of alcohol-dependent patients. First, we examined simple associations between perceptions of social support, psychological distress and alcohol-related problems. Second, we investigated whether the strength or direction of these relationships was moderated by oxytocin genotype (Fig. 1) .
METHOD

Subjects
This study included a sample of 269 alcohol-dependent subjects (203 men and 66 women) admitted into residential treatment programs and outpatient centers in Warsaw, Poland, as previously described (e.g. Zhabenko et al., 2012) . All subjects met DSM-IV diagnosis of alcohol dependence. Subjects were excluded if they were less than the age of 18, in active withdrawal or displaying active psychotic symptoms. The mean age of participants was 43.10 ± 9.59 years. About 52.1% of the participants reported being married or living with someone as if married and 26.4% were divorced or separated. Protocols were approved by the local Bioethics Committee of the Medical University of Warsaw and the University of Michigan Institutional Review Board. Written informed consent was obtained from all subjects.
Measures
Participants were asked to complete questionnaires relating to demographics, psychiatric symptomatology, alcohol problems and social support at intake. All instruments were either available in Polish or translated and back-translated.
Psychological distress and psychiatric symptoms
The DSM-IV diagnosis of alcohol dependence was verified using the MINI International Neuropsychiatric interview. Psychiatric severity and distress were evaluated using the General Severity Index (GSI), a global scale derived from the 53-item self-administered Brief Symptom Inventory. Higher scores indicate greater levels of severity and distress. These values were transformed into T-scores using a non-patient reference population to aid interpretation (Derogatis, 1994) .
Alcohol-related measures
Information regarding the history and severity of alcohol problems was gathered using the Short Inventory of Problems (SIP, Alterman et al., 2009) and the Michigan Alcoholism Screening Test (MAST, Selzer, 1971) . The number of self-reported drinking days in the past 90 days at baseline was also examined. These instruments are commonly used to detect moderate to advanced alcohol-related problems and to assess the adverse consequences associated with substance use.
Social support
Social support, defined broadly here as the perception that significant others can and will provide interpersonal support when needed, was gauged at baseline using the Medical Outcomes Study Social Support Survey (MOSSS, Sherbourne and Stewart, 1991) . This is a 19-item self-report survey which assesses perceived functional social support across four dimensions (Affectionate, Tangible, Emotional/ Informational and Positive Social Interaction). Higher scores on the MOSSS indicate greater perceived availability of social support (Sherbourne and Stewart, 1991) . Based on previous observations that having more alcoholspecific social resources available can be predictive of lower alcohol use (Beattie and Longabaugh, 1999) , we also examined data from 263 individuals who had also been administered the Support for Sobriety Scale. This self-report scale was derived from the University of Arkansas Substance Abuse Outcomes Module that measures how often people (i) suggested that the patient get treatment for their drinking, (ii) commented positively when the patient had not been drinking and (iii) did something to show their approval when the patient was not drinking (Smith et al., 2006) .
Genotyping
A trained nurse collected blood samples for genetic analysis using 7.5 ml EDTA-lined vacutainers. DNA was extracted using the Gentra Puregene Blood Kit (Qiagen). Four single-nucleotide polymorphisms (SNPs) located near the OXT gene were genotyped using the Illumina platform (i.e. rs2740210, rs4813625, rs3761248, rs877172). These SNPs were previously identified through an Addiction Array designed to capture candidate genes for SUDs and other psychiatric disorders (Hodgkinson et al., 2008) . It is not clear whether these SNPs have regulatory functions, however, these SNPs have been previously associated with the expression of social behaviors, psychiatric symptomatology and stress responsivity (Love et al., 2012; Jonas et al., 2013; Mileva-Seitz et al., 2013) . Genotype and allele frequencies are given in Table 1 . Three of the SNPs (rs4813625, rs3761248, rs877172) are in strong linkage disequilibrium, so subsequent tests on these SNPs should not be considered to be independent. The genotype frequencies for each of the SNPs were in Hardy-Weinberg equilibrium (rs4813625, Χ 2 = 0.33; rs877172,
Statistical analyses
Statistical analyses were performed using SPSS for Macintosh 21.0 (SPSS Inc., Chicago IL). Statistical analyses were conducted in two stages. First, Pearson's correlation analyses were performed to examine the relationships between social support, psychiatric symptoms and alcohol-related problems. Second, we examined the possibility that genetic variation at OXT moderates the relationship between social support and either psychological distress or alcoholrelated-problems using analyses of covariance (ANCOVAs). As such, a significant moderator effect for OXT genotype would be demonstrated if a significant interaction between OXT genotype and social support was observed for either analysis. Sex was included as a covariate in these analyses to control for the potential effect of gender on social support. In order to control for multiple comparisons across each of the SNPs, a Bonferroni adjusted P-value was computed (original P-value × 4) and used to identify statistically significant gene effects and gene × social support interactions. Both the untransformed P-values and Bonferroni adjusted P-values are reported below. Finally, the GSI, MAST and MOSSS total data were checked for the presence of outliers including the entire sample. We defined an outlier as any data point more than 2.2 interquartile ranges above the third quartile or below the first quartile as suggested by Hoaglin & Iglewicz (1987) . No outliers were detected.
RESULTS
Relationships between mental health measures and social support
Consistent with previous literature, correlational analyses revealed GSI scores were significantly negatively correlated with MOSSS total scores (r = −0.30, P < 0.001). Post hoc analyses revealed that significant negative associations between GSI scores and each of the MOSSS subscales, suggesting a general relationship between psychological distress and perceptions of social support (tangible support, r = −0.291, P < 0.001; affectionate support, r = −0.294, P < 0.001; positive social interaction, r = −0.319, P < 0.001; emotional and informational support, r = −0.303, P < 0.001). A significant negative relationship was observed between MOSSS total and MAST scores (r = −0.167, P = 0.006). Post hoc analyses showed significant relationships between MAST and all the MOSSS subscales (tangible support, r = −0.124, P = 0.042; affectionate support, r = −0.181, P = 0.003; positive social interaction, r = −0.176, P = 0.004; emotional and informational support, r = −0.170, P = 0.005). No significant relationships were detected between MOSSS and the percentage of drinking days over the last 90 days (r = 0.019, P = 0.760).
We also examined the relationships between support for sobriety and both psychiatric distress and alcohol-related measures. We observed a significant negative relationship between support for sobriety and MAST scores (r = −0.169, P = 0.006) and MOSSS (r = −0.180, P = 0.003), but not for percentage of drinking days (r = −0.073, P = 0.236). The negative relationship between support for sobriety and MOSSS was unexpected, however, and may reflect selective factors within this population, such as choosing relationships who are supportive of abstinence and simultaneously refraining from relationships which are generally supportive but do not encourage abstinence (e.g. Beattie and Longabaugh, 1999) . There were also no significant relationships between GSI scores and support for sobriety (r = −0.004, P = 0.942).
Moderation by OXT genotype
Next, we investigated whether OXT moderated the significant relationships observed between social support, psychological distress and alcohol-related problems. We performed two planned comparisons: one to examine psychological distress (as measured by the GSI) and another to examine alcohol-related problems (as measured by the MAST).
With GSI scores as the dependent variable, ANCOVA revealed a significant gene effect for rs2740210 [F(6,262 There was no significant effect of sex [F(6,262 To explore this finding further, post hoc analyses were conducted to determine whether genotypic variation was associated with levels of either social support or psychological health. Simple slopes calculated between social support and psychiatric distress for each genotype indicated social support is more strongly, and negatively, related to psychiatric distress for GG (b = −0.224, SE b = 0.068, β = −0.305, t = −3.308, P = 0.001) and GT (b = −0.253, SE b = 0.053, β = −0.384, t = −4.801, P < 0.001) carriers than for the TT (b = 0.141, SE b = 0.108, β = 0.261, t = 1.298, P = 0.207) carriers (Fig. 1 ). An analysis of variance revealed no significant differences between gene groups in social support; however, a significant effect of genotype on GSI scores was identified (see Table 2 ). Pairwise post hoc comparisons with Bonferroni correction indicated significantly higher psychological distress in GT carriers compared to GG carriers with no other pairwise differences detected (GT vs GG, p Bonferroni = 0.021, GT vs TT, p Bonferroni = 0.242, GG vs TT, p Bonferroni = 1.0).
With GSI scores as the dependent variable, no significant gene main effects (rs4813625, F(6,262) = 0.880, P = 0.416, p Bonferroni = 1.0; rs3761248, F(6,262) = 0.611, P = 0.543, p Bonferroni = 1.0; rs877172, F(6,262) = 0.462, P = 0.631, p Bonferroni = 1.0) or gene by social support interactions (rs4813625, F(6,262) = 0.978, P = 0.378, p Bonferroni = 1.0; rs3761248, F(6,262) = 0.512, P = 0.600, p Bonferroni = 1.0; rs877172, F(6,262) = 0.651, P = 0.523, p Bonferroni = 1.0) were observed for the any of the other three SNPs.
With MAST scores as the dependent variable, ANCOVA analyses revealed no significant gene effects for rs2740210 [F(6,262) = 1.523, P = 0.220, p Bonferroni = 0.88] nor a significant interaction between gene and social support [F(6,262) = 1.369, P = 0.256, p Bonferroni = 1.0]. After Bonferroni correction, no significant gene effects (rs4813625, F(6,262) = 3.100, P = 0.047, p Bonferroni = 0.188; rs3761248, F(6,262) = 1.699, P = 0.185, p Bonferroni = 0.74; rs877172, F(6,262) = 2.269, P = 0.105, p Bonferroni = 0.42) or gene by social support interactions (rs4813625, F(6,262) = 2.983, P = 0.052, p Bonferroni = 0.208; rs3761248, F(6,262) = 2.070, P = 0.128, p Bonferroni = 0.512; rs877172, F(6,262) = 1.774, P = 0.172, p Bonferroni = 0.688) were observed for the any of the other three SNPs.
DISCUSSION
The current study examined the influence of social support on psychological health and the potential moderating effect of oxytocin genotype in a group of patients diagnosed with alcohol dependence. Findings from this study replicate previous results noting significant negative relationships between social support and both psychological distress and alcohol-related problems. Our work expands on past research by uncovering a significant, previously unknown moderating influence of oxytocin genotype on the association between social support and psychological distress among patients with alcohol dependence. Specifically, the hypothesized negative relationship between social support and psychological distress was observed for rs2740210 GG and GT carriers; by contrast, among the TT carriers, there was no significant association between social support and psychological distress. These results indicate the oxytocin system may play an important role in determining the psychological benefits of social support in patients with alcohol dependence.
There is a great deal of evidence that an individual's physical and psychological well-being can benefit from having positive social ties (e.g. Uchino, 2006) . Having access to positive social resources is associated with enhanced psychological well-being, decreased depression and reduced psychological distress (Thoits, 1995; Moak and Agrawal, 2010; Maulik et al., 2011) . Consistent with these findings, we observed that perceptions of available social support were negatively associated with psychological distress across our sample of alcohol-dependent patients.
We also detected a significant moderating effect between OXT genotype at the rs2740210 SNP and social support on psychological distress in our population. Variation at OXT rs2740210 has been previously demonstrated to moderate the effects of early life adversity on postpartum depression and predict variation in maternal caregiving (Jonas et al., 2013; Mileva-Seitz et al., 2013) . We found that while OXT genotype did not predict overall levels of social support, it did influence the relationship between social support and psychological distress. While G carriers displayed the typical negative relationship between social support and psychiatric distress, TT carriers exhibited no such relationship (Fig. 2) . These results appear to mirror findings reported for the oxytocin receptor gene. For example, Chen et al. observed that individuals carrying two copies of the A allele for the oxytocin receptor polymorphism rs53576 showed no significant differences in either behavioral or physiological responses to an acute stress challenge under conditions of social support versus no support. This contrasted with rs53576 G carriers who displayed a more prototypical response, whereby they exhibited reduced stress reactivity when receiving social support compared to when they did not receive support (Chen et al., 2011) . This work has been recently replicated and extended by Kanthak et al. (2016) . Our observations are in line with these resultsnamely, that oxytocin genetic factors can predict the effectiveness of social support to influence psychological states. Our data go further to demonstrate that oxytocin genotype may contribute to the longterm influence social support has on psychological distress. Such a genetic link may partially explain why social support interventions prove to be an ineffective means of improving psychological health for certain groups of individuals (Uchino, 2009 ). Interestingly, we did not observe any significant differences in perceived social support between rs2740210 genotypes. This indicates that while TT carriers perceive having similar levels of social support available, they do not experience the benefit of lower overall psychological distress when social resources are abundant as their G carrying counterparts do. On the other hand, TT carriers also tend to show lower levels of psychiatric distress when levels of social support are low, suggesting that this SNP acts as a 'plasticity' factor (Belsky et al., 2009) . There are several possible explanations for these observations. One possibility is that these individuals differ in their sensitivity to social resources. Some evidence suggests that psychological distress results when there is a mismatch between the preferred amount of social support and its perceived availability (Linden and Vodermaier, 2012) . If TT carriers expressed relative indifference toward social environments that may explain why these individuals neither benefit from having ample social resources on hand nor are hindered when social support is unavailable. Another possibility is that TT carriers may simply not seek out these social supports during times of need and instead rely on other coping strategies. It could also be the case that there are underlying differences in the composition or quality of TT carrier social support networks. Detailed social network analyses could determine whether social network characteristics such as size, frequency of communication or relationship quality vary as a function of genotype and whether a complex relationship between perceived adequacy of social support, social network characteristics and OXT genotype exists. In sum, future studies examining the extent to which individuals seek social support when distressed and investigating perceived, desired and experienced social support will clarify these alternative explanations.
We noted a significant difference between rs2740210 heterozygotes (GT) compared to GG homozygotes in terms of psychological distress. Specifically, GT carriers exhibited significantly higher overall GSI scores relative to GG carriers. Why heterozygotes seem to be at a disadvantage in terms of higher psychological distress relative to their GG counterparts is unclear; however, it does not appear to be due to lack of available social support, lack of support for sobriety, greater severity of drinking problems or more extensive alcohol drinking history as genotype groups did not vary across any of the social support or alcohol-related variables. While there are several other possibilities that may account for this finding, extensive research indicates that oxytocin can influence psychological distress and well-being by regulating stress responses (e.g. Jezova et al., 1995; Uvnas-Moberg, 1997a) , suggesting exploring stress-related variables as a potential source of this phenomenon would be of interest.
While we noted a modest relationship between alcohol-related problems and perceived social support, we did not observe a moderating relationship of OXT between these constructs. We also failed to demonstrate any relationship between social support and current drinking behaviors. These findings may reflect the complex relationship that appears to exist between social support and alcohol behaviors. While there is evidence for a negative association between alcohol use and social support, the strength of this relationship is partially determined by the extent to which social support is specific to encouraging abstinence (Beattie et al., 1993; Beattie and Longabaugh, 1999) . When social support is alcohol-specific, this may directly influence drinking habits by promoting non-drinking activities and encouraging abstinence. On the other hand, if the social support offered is more generalized, drinking habits are influenced indirectly, perhaps by lowering psychological distress which may reduce alcohol use (Beattie and Longabaugh, 1999) . To explore this possibility, we examined the associations between social support for sobriety and alcohol problems; however, we did not uncover any significant relationships. This question should be examined further in future studies as our study was not specifically designed to tease out the effects of generalized and alcohol-specific social support.
This study has some limitations. First, there is ongoing discussion surrounding the strengths and drawbacks of candidate gene studies. When strictly applied to examining biochemical pathways previously implicated in the trait or disease process being studied, this approach can be useful in identifying relevant genetic markers; however, there are concerns over false positives. One issue within the field is insufficient correction for multiple comparisons when performing analyses across multiple SNPs. With this concern in mind, we have taken a conservative approach and chosen to utilize a Bonferroni procedure to account for multiple testing across each of the SNPs explored here to reduce the chance of Type I error. Another concern is lack of suitable replication samples. While our results replicate earlier findings which indicate social support can reduce psychiatric distress in patients with an alcohol use disorder and our OXT findings are in line with previous work demonstrating associations between the rs2740210 SNP, the expression of social behaviors and psychiatric symptomatology (Jonas et al., 2013; Mileva-Seitz et al., 2013) , our results should still be viewed as preliminary and interpreted with caution until future studies with larger sample sizes can replicate and validate our findings. Lastly, the precise functional consequences of genetic variation at rs2740210 are not clear. The rs2740210 SNP has been previously associated with the expression of social behaviors and psychiatric symptomology (Jonas et al., 2013; Mileva-Seitz et al., 2013) . However, given its location on the 3′ flanking region of the oxytocin gene, we speculate that this SNP could be in linkage disequilibrium with a variant that has a functional impact on the regulation or expression of the gene. Future in vitro and in vivo studies should be conducted to assess and further explore the particular functional consequences of this SNP.
Psychological distress is associated with continued alcohol use and an increased risk of relapse in abstinent individuals, so it is of significant interest to understand the factors that promote or reduce this distress. Our data add to accumulating evidence which suggests social support acting, in part, through the oxytocinergic system, can be an effective means of reducing psychological distress and that intrinsic factors such as genetic disposition contribute to the extent to which the beneficial effects of social support are felt.
